Background-Composite indices of health care performance are an aggregation of underlying individual performance measures and are increasingly being used to rank hospitals. We sought to conduct an observational analysis to determine the influence of the opportunity-based and all-or-none composite performance measures on hospital rankings. Methods and Results-We examined 194 245 patients hospitalized with acute myocardial infarction between July 2006
P revious studies have revealed substantial variation in the care of patients with coronary artery disease. 1, 2 As a result, increasing emphasis is being placed on measuring, reporting, and rewarding the quality of care, based on objective measures of performance. 3 Performance is typically determined by ranking hospitals on their provision of prespecified, process-based, core measures of quality patient care. Because assessing multiple, individual performance measures can be cumbersome, an aggregate or composite approach has increasingly been used. A composite performance measure is defined as the combination of two or more measures into a single score to simultaneously represent multiple aspects of provider performance and to facilitate comparisons. 4 Among many, there are two principal methods: the opportunity-based method and the all-or-none approach, also known as defect-free scoring. An opportunity-based score, which is conventionally used by the Centers for Medicare and Medicaid Services, counts the number of times a required process was performed (numerator) against the total number of instances in which care processes were required (denominator). The all-or-none approach counts the number of patients who received all required care processes (numerator) against the total number of patients eligible for care processes (denominator). This approach has been touted as a way to increase hospitals' accountability for quality care. 5 Conversely, this approach has been criticized for discounting important efforts in quality improvement by distilling multiple metrics into a dichotomous outcome. 6 Hospital rankings may vary widely, depending on the approach used to aggregate measures of quality. [7] [8] [9] Occasionally, multiple approaches are used together in the construction of a composite score. 10 Furthermore, there are divergent findings regarding whether or not evaluations of care processes can help improve patient outcomes. [11] [12] [13] [14] As a result, the American College of Cardiology Foundation/American Heart Association Task Force on Performance Measures recommended that empirical testing should be performed for composite measures to better understand their ability to discriminate quality. 4 Nevertheless, the best approach remains undetermined.
In the present study, we sought to examine the impact of using the opportunity-based method versus the all-or-none method on differences in ranking hospitals. In so doing, we sought to answer the following questions: (1) How correlated are hospital performance rankings based on opportunitybased composite scores versus all-or-none composite scores? (2) Which type of calculation provides the greatest dispersion in hospital rankings? (3) Which composite measure is most closely linked with risk-standardized hospital outcomes? (4) Do hospital rankings change over time by each method? (5) How sensitive is each method to the addition of new performance measures?
WHAT IS KNOWN
• Composite performance measures are used to aggregate multiple discrete metrics into a comprehensive assessment of quality of care.
• Although there are multiple approaches to aggregating measures of quality, little is known about the influence of different composite scoring methods on hospital rankings for the care of patients with acute myocardial infarction.
WHAT THE STUDY ADDS
• The two principal methods-the opportunity-based score and the all-or-none approach-generate highly correlated scores for hospitals caring for patients with acute myocardial infarction.
• Although the all-or-none approach yields a greater dispersion in scores, it is similar to the opportunitybased method in ranking hospitals.
• Neither composite scoring method has a strong correlation with the outcomes of 30-day riskstandardized mortality or readmission.
Methods

Data Sources
This study used the American Heart Association's Get With The Guidelines-Coronary Artery Disease (GWTG-CAD) program as its data source, the details of which have been previously published. 15 Briefly, this voluntary, ongoing initiative, launched in 2000, assists hospitals in modifying systems to improve the quality of care received by patients with coronary artery disease. Hospitals are not financially compensated for their participation in the GWTG-CAD program. Get With The Guidelines uses a Web-based Patient Management Tool (Outcome Inc, Cambridge, MA) to collect clinical data as well as to provide point-of-service decision support, on-demand reporting features, and patient educational materials. Outcome Inc serves as the data collection and coordination center for GWTG-CAD. Data elements collected include patient demographics, medical history, symptoms on arrival, in-hospital treatment and procedures, discharge medications and secondary prevention, and patient disposition. No direct patient identifiers, such as patient name or social security number, are collected. Submitted patients are identified through a unique blinded identifier, the key for which is known only to the study site. Participating centers are instructed to submit consecutive, eligible patients to the GWTG-CAD database. Specifically, included diagnoses are ST-segment elevation-myocardial infarction, non-STsegment elevation-myocardial infarction, unstable angina, percutaneous intervention, and coronary artery bypass graft surgery. Those institutions with Ͼ75 cases per year are permitted to submit a random sample of cases per quarter.
Because the GWTG-CAD data are primarily used for institutional quality improvement purposes, sites are granted a waiver of consent under the Common Rule. The Duke Clinical Research Institute serves as the data analysis center for GWTG-CAD, and institutional review board approval was granted to analyze the deidentified, aggregate dataset for research purposes.
Patient Population
The starting population for this study included acute myocardial infarction patient cases entered between July 1, 2006, and June 30, 2009, by hospitals participating in GWTG-CAD. We excluded those sites that had entered less than 10 admissions-a marker of both program commitment and statistical stability. We included only sites that also participate in the Centers for Medicare and Medicaid Services' Hospital Compare database.
Performance Measure Definitions
Our study evaluated 6 performance measures that are included in the GWTG-CAD performance measures for rating hospitals in the pay for performance program. Specifically, these measures were aspirin use within 24 hours of arrival, aspirin use at discharge, ␤-blocker use at discharge, angiotensin-converting enzyme inhibitors or angiotensin receptor blocker use at discharge for left ventricular systolic dysfunction, smoking cessation counseling, and lipid-lowering medication use at discharge for patients with a low-density lipoprotein level of greater than 100 mg/dL. The effect of adding an additional performance measure was also assessed for both composite scoring methodologies. The additional process measures were ␤-blocker use within 24 hours of arrival, ST-elevation-myocardial infarction patients receiving thrombolytic therapy with door-to-needle times within 30 minutes, and ST-elevation-myocardial infarction patients undergoing direct percutaneous coronary intervention with door-toballoon times within 90 minutes. Measure-specific inclusion and exclusion criteria were applied so that only eligible patients without documented intolerance or other contraindications for that specific measure were included in the denominator.
The opportunity-based score was calculated as the sum of the total instances that a required measure was performed (ie, correct care given), divided by the total number of eligible opportunities (based on the 6 measures) across all patients at a given hospital. This method is identical to that used by the Centers for Medicare and Medicaid Services in its pay for performance program. Alternatively, the all-or-none score was calculated by counting the total number of eligible patients that received all of the required measures, divided by the total number of patients eligible for the six performance measures.
Outcomes Definitions
The primary outcomes of interest were 30-day risk-standardized all-cause mortality and readmission rates as defined in the Hospital Compare database. Per conventions of the Centers for Medicare and Medicaid Services, all-cause mortality is defined as death from any cause within 30 days after the index admission date, regardless of whether the patient dies while still in the hospital or after discharge. All-cause readmission is defined as readmission for any cause to an acute care hospital within 30 days of discharge after an index hospitalization. Transfers from one acute care facility to another were not considered as hospital readmissions. The methodology for risk standardization has been previously described. 16, 17 
Statistical Analysis
Correlation between raw composite scores was determined using Pearson correlation coefficients. Using Spearman correlation coefficients, we also determined correlation between hospital rankings generated by the composite scores. The hospitals were stratified by rank on either their opportunity-based score or all-or-none score. Both hospital and patient characteristics were compared across the hospitals in the bottom 20%, middle 60%, and top 20% of hospital rankings, with median (interquartile range) values and frequencies reported for continuous and categorical variables, respectively. Comparisons between groups were assessed with Pearson 2 tests for all categorical variables or Kruskal-Wallis tests for all continuous or ordinal variables. The correlation between the scores and the 30-day postdischarge outcomes was determined using Spearman correlation GWTG-CAD indicates Get With The Guidelines-Coronary Artery Disease; IQR, interquartile range; PCI, percutaneous coronary intervention; MI, myocardial infarction; HF, heart failure; and BMI, body mass index.
coefficients. The probability value to test zero-correlation was calculated using Fisher z transformation. Weighted coefficients with their 95% confidence limits were calculated to quantify the level of agreements between the hospital rankings, based on the scores. Variation in hospital rankings over time was assessed by the number of hospitals entering or exiting the top and bottom quintiles of rankings. Accounting for the performance of a hospital, annual hospital rankings were generated for year 1 Relative to the prior year's rankings, hospitals new to the top 20%, middle 60%, and bottom 20% were determined for years 2 and 3. Weighted coefficients with their 95% confidence limits were calculated to determine the level of agreement in ranking hospitals by these tiers over time. Spearman correlations between the original composite score and a modified score, including an additional measure, were also calculated for each composite methodology. A 2-sided probability value of Ͻ0.05 was considered statistically significant for all tests. All analyses were performed using SAS software version 9.2 (SAS Institute, Cary, NC).
Results
The starting population for this study includes 202 384 acute myocardial infarction patient cases entered between July 1, 2006, and June 30, 2009, at 409 hospitals participating in GWTG-CAD. After excluding sites that had entered less than 10 admissions and including only sites that also participate in the Centers for Medicare and Medicaid Services' Hospital Compare database, a final study population of 194 245 records submitted by 334 sites was obtained. All geographic regions of the United States were represented. Although a wide spectrum of hospitals was represented, the 334 hospitals in our analysis sample were typically moderately sized, nonacademic facilities with some type of revascularization capability (either percutaneous coronary intervention or coronary artery bypass grafting) ( Table 1) . Hospitals in the top quintile of either composite score were larger and more likely to have revascularization capabilities. Patients treated at hospitals in the top quintile of either composite score were younger and more likely to be white, male, and with fewer comorbidities. Adherence rates ranged from 91.7-99.1% for the 6 individual process measures. Individual measure adherence (median and 25th to 75th) was high: aspirin use within 24 hours of arrival 98.1% (95.3-99.5%); aspirin use at discharge 96.9% (90.5-99.0%); angiotensin converting enzyme inhibitors or angiotensin receptor blocker use at discharge for left ventricular systolic dysfunction 91.7% (83.3-98.0%); ␤-blocker use at discharge 96.3% (90.6 -98.7%); smoking cessation counseling 99.1% (95.1-100.0%); and lipid-lowering medication use at discharge 92.2% (78.6 -96.7%). The median (25th to 75th) calculated GWTG-CAD opportunity-based score for these sites was 95.5% (90.4 -98.0%). The median (25th to 75th) all-or-none score was 88.9% (79.7-94.4%). Figure 1 illustrates the distribution of opportunity-based and all-or-none scores. The distribution of opportunity-based scores was more positively skewed with the preponderance of scores being 90% or greater. Although also positively skewed, the all-or-none distribution was more evenly distributed with most scores ranging between 80% and 100%.
We sought to test the relationship between the opportunitybased and all-or-none scores. There was a high correlation between the two methods in the scores (rϭ0.98) (Figure 2) . Rankings generated by the two methods were significantly Hospital rankings by either composite scoring method are not concordant with 30-day outcomes. Both composite scoring methods were inconsistent in ranking hospitals according to 30-day mortality: weighted ϭϪ0.17 (95% confidence limit, Ϫ0.24, Ϫ0.11, PϽ0.001) for the opportunity-based score, Ϫ0.17 (95% confidence limit, Ϫ0.23, Ϫ0.11, PϽ0.001) for the all-or-none score. Similarly, both composite scores were inconsistent in ranking hospitals according to 30-day readmission: weighted ϭϪ0.02 (95% confidence limit Ϫ0.09, 0.05, Pϭ0.67) for the opportunity-based score, Ϫ0.01 (95% confidence limit, Ϫ0.08, 0.06, Pϭ0.83) for the all-or-none score.
Both composite scores yielded variation in hospital rankings over time (Figure 3 (Table 3) . Similarly, the all-or-none produced modest agreement in rankings when comparing hospitals new to these tiers on July 1, 2008, and July 1, 2009. Last, we explored the effect of additional quality indicators on each composite score. Both composite scores decreased with the addition of a single performance measure (Table 4) . Each additional performance measure produced greater change in the all-or-none composite score compared with the opportunity-based score. However, modifying either composite method with additional performance measures yielded a similar distribution in the rise and fall of hospital rankings (Figure 4) . Similarly, modifying either composite score with additional measures did not significantly change the difference in ranking hospitals by composite score or outcome (Table 5 ).
Discussion
The opportunity-based and all-or-none composite measures have frequently been used to characterize hospital performance, but few studies have compared these two approaches. We found that hospitals in the top quintile of either composite score were larger, were more likely to have revascularization capabilities, and were more likely to treat younger patients with fewer comorbidities. We found that the two composite measures were highly correlated, but the all-or-none method yielded greater dispersion in hospital scores for patients hospitalized with coronary artery disease. The all-or-none composite score was also affected more by the addition of a new measure to the composite score. Nevertheless, the two composite measures were similarly stable in ranking hospitals over time. Furthermore, hospital rankings were similarly affected by incorporating an additional performance measure to either composite score. Neither approach was highly correlated with 30-day risk-standardized mortality or readmission. After modifying the composite measures by incorporating additional performance measures, the two approaches behaved similarly in ranking hospitals. Additional performance measures did not significantly improve the concordance of hospital rankings by either composite score with rankings by 30-day risk-standardized mortality or readmission.
There has been a proliferation of performance measures in response to an increasing emphasis on quality improvement in patient care. Across all disease states, the National Quality Forum has endorsed more than 600 performance measures. 18 Composite performance measures serve to condense the growing number of individual measures into comprehensive assessments of a process, structure, or outcome. 19 As the purpose of performance measures expands from aiding quality improvement efforts to potentially influencing reimbursement, the methodology used in combining several individual measures into a composite score gains increasing importance. Given the numerous methodologies available for creating a composite score, developers must explore different approaches and compare the conclusions that different composite scores offer on the same set of individual measures. Our findings provide empirical testing of the two most commonly used composite scores and show that, in the context of the process measures, patients, and hospitals included in this study, they behave similarly in evaluating the adherence of hospitals to the currently recommended processes of care.
Ideally, a composite score can identify variation in adherence to processes of care-a critical initial step toward achieving quality assurance of outcomes. 20 For the hospitals participating in GWTG-CAD to improve quality for patients hospitalized with coronary artery disease, a method must be employed that appraises processes of care with a sufficient amount of variation to distill best practices from the rest. In the comparison of these two scoring methods, the all-or-none method did produce greater variation in scores among participating hospitals. However, this did not translate to greater success in identifying hospitals with the best 30-day outcomes. Instead, based on the current individual measures of interest, the all-or-none method was similar to the opportunity-based method in ranking hospitals. The overlapping confidence intervals of the two scoring methods' correlations with 30-day mortality make it difficult to discern the superiority of one method over the other. The lack of Accounting for the performance of a hospital over an entire year, hospital rankings were generated on Composite scores were modified by including an additional performance measure. Correlations between the original score and a modified score were determined for each composite scoring method.
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correlation between composite score and 30-day readmission is of even more concern. Identifying process measures that are associated with early readmission and/or a composite scoring method that can integrate recommended processes of care together with 30-day readmission rates is of significant importance to hospitals as they face potential reductions in Medicare payments for excess hospital readmissions, beginning on October 1, 2012. 21 In addition to the robustness of their underlying methodology, the validity and usefulness of composite measures are dependent on the quality of the individual performance measures involved. The strength of any composite measure depends on individual metrics carefully chosen according to their clinical importance, feasibility, and reliability. 4 Independent of which composite score is used, our findings are consistent with previous findings of modest associations between individual measures and postdischarge mortality and readmission rates. [12] [13] [14] Establishing a linkage between process measures and outcomes is often hampered by incomplete risk adjustment and a low frequency of adverse events. 22 This is complicated further by the difficulty of extrapolating treatment efficacy in narrowly defined populations from multiple trials. The complexity of care processes likely is inadequately captured in the process measures which assess use yes versus no without assessment of dosing, patient adherence, monitoring or other components of care necessary to produce favorable outcomes. Distilling care into measures of discrete components may not fully appraise the global quality of an episode of care. This approach may ultimately result in a lack of correlation between composite scores and real-world clinical outcomes. 23 Additionally, the evidencebased treatments that underpin the individual performance measures have, in general, not been studied in the context of 30-day outcomes. As a result, both composite measures and the individual performance metrics that they comprise are compared against end points to which they are not tightly linked. All composite scores may be degraded by the inclusion of individual metrics that have poor relationships with clinical outcomes. Decision makers must use great caution in selecting only clinically-valid metrics to build robust composite scores that evaluate hospitals according to outcomes of interest.
Independent of outcomes, our findings reveal that the opportunity-based and all-or-none composite measures may be similarly capable of stratifying hospitals according to process of care. An inherent advantage of the all-or-none scoring method might be that it is structured at the patientlevel. Only those patients who have received all required quality measures are deemed successes. As an example, using the opportunity-based score, a hospital may fulfill each of 5 individual performance measures in 85% of instances. Although this may initially reflect well on a hospital's performance, this could actually indicate that less than half of the patients treated at that hospital were receiving all indicated measures. In this analysis, however, those that are considered successes by the all-or-none method had only a modestly lower likelihood of death at 30 days and did not have a lower likelihood of readmission at 30 days. As a result, it becomes more difficult to judge quality care in a binary manner, calling into question whether it is worth hospitals making the necessary investments in quality improvement to achieve all given metrics in an all-or-none composite measure.
Limitations
This study has the inherent limitation that the data were restricted to that available in the GWTG-CAD registry, a well-known quality improvement program. Therefore, hospitals that participate in GWTG-CAD may be more likely to have better adherence to performance measures, as compared with other hospitals nationally. The degree of selection bias of submitted patient records remains unknown, although hospitals are encouraged to submit all eligible patients to the registry. However, it remains possible that some hospitals are more likely to submit patient records that reflect better acute treatment. Through this "cherry picking," hospitals would thereby achieve better performance scores, regardless of which performance calculation is chosen. These data are dependent on the quality of medical record documentation and chart abstraction. Residual measured and unmeasured confounding may account for some or all of these observations. The correlations of these composites measures with outcomes beyond 30 days, or their association with other outcomes such as health status, were not evaluated.
Conclusions
Among centers participating in a voluntary national quality improvement initiative, the opportunity-based and all-or-none composite scoring methods for coronary artery disease patient care similarly stratify hospitals according to process of care but do not have a strong correlation with 30-day risk-standardized mortality or readmission rates. The two approaches do not differ in ranking the top and bottom quintiles of hospitals. Additional studies with empirical testing of different composite measures to better understand their ability to discriminate quality are warranted.
